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(54) Non-aqueous electrolyte secondary battery 

(57) A non-aqueous electrolyte secondary battery emplc^ a negative electrode which contains an alkali metal as 
an active material, and is provided with a polymer film thereon, the polymer film being provided with a gel electrolyte 
ther^n. The polymer film is made of a polymeric monomer which has [molecular weight/terminal polymer functional 
group number] of 500 or less, and a structure represenated by one of the formulas (1)-(4): 



|— CH2O { EOj^jPO^ ) C0CH=CH2 
CH3CH2C-CH2O ( EOj^POj^ ) C0CH=CH2 
LcH20( EOjjjPOn)COCH=CH2 
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CH2-( EOnjPOj^ ) COCH=CH2 
CH— ( EOnjPOj^ ) COCH=CH2 
CH2- ( EOjnPOjj )C0CH=CH2 

CH2=CHCO( EOnjPOn )OCH2 



(2) 



CH2O ( EO^jPOj^ ) COCH=CH2^ 



CH2=CHC0 ( EO^iPOj^ ) OCH2-C-CH2OCH2-C-CH2O ( EO^POj^ ) COCH=CH2 ( 3 ) 

CH2=CHC0 ( EO^jPOj^ ) OCH2 CH2O ( EO^jPOj^ ) COCH=CH2 

CH2=CHCO( EO^POj^ )0 
CH2=CHC0(E0n,P0j^)0CH2-(CH)4-CH20(E0jjjP0j^)C0CH-CH2 (4) 
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wherein EO refers to CH2CH2O. .PO refers to CH2(CH3)CHO. (EO„,POn) indicates one of random polymerization 
and block polymerization, and wherein m and n do not represent 0 at the same time where O^m and O^n. 

FIG, 1 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a non-aqueous electrolyte secondary battery and, more particularly, to an improve- 
ment of the tnterfacial characteristic between the electrolyte and the negative electrode. 

10 2. Description of the Prior Art 

Non-aqueous electrolyte batteries generally employ a negative electrode containing an alkali metal such as lithium 
as an active material, an electrolyte comprising an organic solvent such as propylene caibonate, yt^utyrolactone, 
dimethoxyethane. tetrahydrofuran. or dioxolan, and a solute, which is dissolved in the organic solvent, such as UCIO4. 

15 LiBF4, IJASF5, LiPFg, or LiCFaSOs- These non-aqueous electrolyte batteries have been widely used tiiese days for 
compact electronic appliances such as electronic watches and cameras by virtue of their high energy density. 

One of the problems which prevent this type of non-aqueous electrolyte batteries from being rechargeable is that 
the alkali metal precipitates on the negative electrode during a charge process in the form of tree-branches, fibrils, or 
needles, which are referred to as dendrites. The overgrowth of the dendrites might cause Internal short-circuits between 

20 the negative electrode and the positive electrode, thereby damaging the battery life in an instant. However, it is impos- 
sible to dissolve the entire dendrites during the subsequent discharge process because the dissolution of the dendrites 
proceeds in parts and some are electrically freed from the electrode plate. Gonsequentiy. the ratio of discharge amount 
(dissolution) to charge amount (precipitation) is decreased, deteriorating the charge/discharge efficiency 

To overcome the problem, the use of a polymer electrolyte in place of an electrolyte was proposed as a means of 

25 suppressing the formation of dendrite (Fast Ion Transport in Solids. North-Holland, New YorK 1979. p. 131). The poly- 
mer electrolyte refers to a mixture of a polymer such as polyethylene oxide, which contains a pdar atom such as oxygen 
In the molecular chains, and an alkali metal salt which is dissolved in the polymer and dissociated therefrom. A solvent 
(plasticizer) such as propylene carbonate may be added to the mixture. When such a solvent is added to the mixture, 
the mixture is referred to as a gel electrolyte. The polymer electrolyte, which contains no solvent, has poor ionic con- 

30 ductivity. failing to meet the characteristic required for the current electronic appliances, so that the gel electrolyte has 
drawn more attention. 

When a non-aqueous electrolyte secondary battery employs the gel electrolyte, the alkali metal precipitates mostly 
in the form of globes, instead of derxirites which easily penetrated the electrolyte. However, the gel electrolyte still has 
a drawback that its charge/discharge efficiency is as low as in an organic electrolyte, that is, the short life of the negative 

35 electrode. This drawback results from the following grounds. During repeated charge/discharge cycles, an organic sol- 
vent oozes from the gel electrolyte onto the negative electrode, and this causes the globular precipitate to start to dis- 
solve at tiie point of contact between the globular precipitate and the negative electi'ode. As a result, the globular 
precipitate frees from the negative electrode and is electrochemically inactivated. The more alkali metal frees from the 
negative electrode, the less alkali metal contributes to the battery reaction, making tiie life of the negative electrode 

40 Shorter. 

SUMMARY OF THE INVENTION 

In view of the foregoing problem, the primary object of the present invention is to provide a highly reliable and long- 
45 lived non-aqueous electrolyte secondary battery by employing a negative electrode which prevents the alkali metal from 
precipitating in the form of dendrites during repeated charge/discharge cycles, and further prevents the alkali metal 
which has been precipitated in the form of glofc^es from freeing from the negative electrode. 

Another object of the present invention is to provide a method for manufacturing such a highly reliable and long- 
lived non-aqueous electrolyte secondary battery 
50 In order to achieve the primary object, the present Invention provides a non-aqueous electrolyte secondary battery 
comprising: 

a positive electrode, 
an alkali ion-conductive electrolyte, and 
£5 a negative electrode containing an alkali metal as an active material, the negative electrode being provided with a 
polymer film thereon, the polymer film being made of a polymeric monomer having [molecular weight/terminal pol- 
ymer functional group number] of 500 or less, and having a structure selected from the group consisting of formulas 
(1)-(4): 
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|— CH20( EOn,POj^)COCH=CH2 
CH3CH2C-<:H20( EOn^POn)COCH=CH2 ( 1 ) 

I— CH2O ( EOj^POy^ ) COCH=CH2 



CH2-( EOj^POj^ ) C0CH=CH2 

CH-(EOjj,POj^)COCH=CH2 (2) 
CH2- ( EOj^POj^ )COCH=CH2 
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25 



30 



CH2 = CHCO(EOj^POy^)OCH2 CH20( EOn^POj^ )COCH=CH2 

CH2-CHC0( EO^^POj^ )OCH2-C-CH20CH2-C-CH20( EOj^PO^^ )C0CH=CH2 ( 3 ) 

CH2 =CHCO ( EOj^POj^ ) OCH2 CH2O ( EO^POj^ ) C0CH=CH2 

CH2=CHCO ( EOjj^POj^ ) O 
CH2=CHCO(EOjj^POj^)OCH2-( CH)4-CH20( EOjj,POj^ )COCH=CH2 ( 4 ) 

wherein EO refers to CH2CH2O. PO refers to CH2(CH3)CHO. {EO^PO^ indicates one of random polymer- 
ization and block polymerization, and wherein m and n do not represent 0 at same time where O^m and O^n. 

The present invention provides a method for manufacturing a non-aqueous electrolyte secondary battery compris- 
35 ing the steps of: 

preparing a solution consisting essentially of a monomer and an alkali metal salt the monomer having [molecular 
weightAterminal polymer functional group number] of 500 or less, and having a structure selected from the group 
consisting of the above-mentoned formulas (l)-{4), 
40 applying the solution on the negative electrode, 

polymerizing the nnonomer in the solution to form a film containing dissociated ions of the alkali metal salt, and 
disposing a gel electrolyte onto the film. 

While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 
45 organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



so 



55 



FIG. 1 is a vertical cross-sectional view of the flat-type batteries used in the embodiments of the present invention. 

FIG. 2 is a graph showing the discharge capacity plotted for each cyde of the batteries used in an embodiment of 
the present invention and the corrrparative examples. 

FIG. 3 is a graph showing the discharge capacity plotted for each cycle of the batteries used in the other embodi- 
ments of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Generally, a film of a gel electrolyte is prepared by mixing a polymeric monomer, an electrolyte salt and a solvent 
(plasticizer). casting the mixture, and polymerizing the polymeric monomer containing dissociated ions of the electrolyte 
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salt and the solvent According to this method, the ions of an alkali metal such as lithium have been already solvated 
before the polymerization of the monomer, so that the prepared gel electrolyte film contains a large number of tunnels 
or cavities which allow the solvated ions to pass through. Consequently, while a charge/discharge cycle is repeated, 
solvent molecules are carried together with alkali metal ions onto the negative electrode. This causes the globular pre- 

5 cipitate to start to dissolve at the point of contact between the globular precipitate and the negative electrode. 

The polymer film to be disposed on the negative electrode of the present invention is prepared by mixing a poly- 
meric monomer, an electrolyte salt, and a minimum amount of solvent (plasticizer) if the polynneric nrx>nomer does not 
dissolve the electrolyte salt sufficiently, spreading the resultant mixture over the negative electrode, and polymerizing 
the polymeric monomer. Consequently, the prepared polymer film contains few tunnels or cavities which are large 

10 enough to allow the solvated ions to pass through, so that there are few chances that the solvent molecules are carried 
onto the negative electrode during charge/discharge cycles. Thus, the polymer film of the present invention serves as 
a sieve of solvent molecules. If the polymeric monomer is solely polymerized without the electrolyte salt, no tunnels or 
cavities are formed in the polymer film, so that it does not serve as a sieve. 

Such a polymer film serving as a sieve for molecules can be obtained by polymerizing a multifunctional polymeric 

75 monomer. The polymeric monomer has the right size to allow exclusively the alkali metal ions to pass through. The size 
is assessed by drvidmg the molecular weight of the polymeric monomer by the number of terminal polymer functional 
groups, which turns out to t>e about 500 or less. As for the thickness of the polymer film to be disposed on the negative 
electrode, the thicker it t>ecomes, the larger the resistance of ion passing becomes. Thus, a practical polymer film is 
preferably not thicker than 10 fim. 

20 If this polytner Um and the gel electrolyte having alkali metal ion-conductivity are put together, the solvent is per- 
meated into the poiyn>er film from the gel electrolyte, and slightly widens the tunnels or cavities. As a result, the resist- 
ance of ion passir>g can be reduced, and an electrolyte film having a practical ionic conductivity is formed on the 
negative electrode Arthough it is possible to use an organic electrolyte having ionic conductivity in place of the gel elec- 
trolyte, there rs a pr orjiem that the solvent runs into and between the lithium sheet and the polymer film through the end 

25 of the sheet Th<»f ptof e. the gel electrolyte which can retain the solvent inside is superior in t>attery performance. 

The following is a description of the embodiments of the present invention. At! the emtxxiiments were conducted 
under an argon atmosphere Although lithium was used as an alkali metal, other alkali metals or an alloy of lithium and 
the otiier alkali metais can t>e used to obtain the same results. 

30 Emkxxliment 1 

A saturated solution o1 LiPFg was prepared by mixing LiPFg with ethylene oxide-bound trimethylol propane triacr- 
ylate (ETMPA) represented by the formula (5) in which n = 6. 



where n is an integer of 1 or more. 

Then, a lithium sheet having a 300 jim thickness was soaked in this saturated solution for a whole day in order to 

45 fully moisten the lithium sheet with the saturated solutioa Then, the lithium sheet was taken out. and extra saturated 
solution on the lithium sheet was removed with a blade. Then, ultraviolet rays of 43 mW/cm^ were applied to the lithium 
sheet for 30 seconds, thereby polymerizing the saturated solution. The polymer film which was formed on the lithium 
sheet had a thickness of 5 jAm. 

A gel electrolyte film was then prepared as follows. Polyethylene glycol diacrylate whose average molecular weight 

50 of 8,000 and a propylene cartx^nate solution containing UPFg (1 moI/L)were mixed in a weight ratio of 3:7. Then, 100 
ppm of Irgacure 651 manufactured by Ciba-Geygy was added as an initiator to the mixture, thereby preparing a liquid 
for formulating the gel electrolyte. This liquid was cast onto the lithium sheet having the polymer film thereon, and 
exposed to 43 mW/cm^ ultraviolet rays for 2 minutes, thereby producing the gel electrolyte film having a 100 ^im thick- 
ness. 

55 Instead of curing the liquid for formulating the gel electrolyte directly on the lithium sheet, it is possible to apply onto 
the lithium sheet a gel electrolyte film which has previously been cured by casting the liquid for formulating the gel elec- 
trolyte onto a quartz plate or the like. However, It is better to cure the liquid for formulating the gel electrolyte directiy on 
the lithium sheet because this brings about an ion-conductive film with excellent electrochemical stability through the 
reaction between an unreacted polymeric functional group contained in the polymer film formed on tiie lithium sheet 
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and a polymeric functional group contained in the liquid for formulating the gel electrolyte. 

A flat-type battery shown in FIG. 1 was fabricated by employing an assembly of the polymer film, the gel electrolyte 
film, and the lithium sheet 

A positive electrode 1 was manufactured by mixing LiMn204 powder, carbon black and ethylene tetrafluorlde resin 
5 powder, and press-molding the mixture onto an expanded metal current collector 2 made of titanium which has previ- 
oi^ly been spot-welded to the bottom of a positive electrode enclosure 3. The positive electrode 1 was filled with the 
aforementioned liquid for formulating the gel electrolyte in a vacuum, and then exposed to 43 mW/cm^ ultraviolet rays 
for 2 minutes to cure its surface. The negative electrode, on the other hand, was manufactured by punching a lithium 
sheet 6 having a polymer film 4 and a gel electrolyte 5 thereon into a disk, and press-nrK>lding the disk onto an expanded 
10 metal 7 made of nickel which has previously been spot-welded to the bottom of a sealing plate 8. Finally the positive 
electrode enclosure 3 and the sealing plate 8 were engaged with each other, with a gasket 9 cBsposed therebetween, 
thereby obtaining the flat-type battery 

Comparative example 1 

75 

Another flat-type battery was manufactured in the same manner as in the first embodiment except that a lithium 
sheet having no polymer film thereon was used. 

Comparative example 2 

20 

Another flat-type battery was manufactured in the same manner as in the first embodiment except that no LiPFg 
was added to ethylene oxide-l)ound trimethylol propane triacrylate (ETMPA). 

Comparative example 3 

25 

Another flat-type battery was manufactured in the same manner as in the first embodiment except for the following 
points. 

In preparing the gel electrolyte film, the liquid for formulating the gel electrolyte used in the first embodiment was 
cast onto a quartz plate or the like. After this, the liquid was exposed to 43 mW/cm^ ultraviolet rays for 2 minutes thereby 
30 forming a gel electrolyte film having a 100 jim thickness as in the first embodiment. Then, the saturated solution for the 
polymer film used in the first embodiment was spread over this gel electrolyte film and exposed to ultraviolet rays for 30 
seconds, thereby producing an assembly film of the polymer film and the gel electrolyte film. The assembly film and the 
lithium sheet were put together in a manner that the polymer film and the lithium sheet faced each other. 

These batteries of the embodiment 1 and the comparative examples 1 , 2 and 3 were repeatedly charged and dis- 
ss charged under the conditions of a temperature of 25**C. a current density of 0.25 mA/cm^. a lower limit discharge volt- 
age of 2.0 V. and an upper limit charge voltage of 3.5 V. The discharge capacity at each cycle of each battery was found, 
and the cycle life was regarded as ended when the discharge capacity dropped to half of the initial value. 

FIG. 2 ^ a graph showing the cfischarge capacity which was plotted for each cycle. This graph indicates that the 
battery of the first embodiment of the present invention is superior to those of the comparative examples 1 -3 in the cycle 
40 life. The reason for the long cycle life of the battery of tiie first embodiment is that the cycle life of the negative electrode 
was prolonged as a result of the improvement of the charge/discharge efficiency of the negative electrode. The 
improvement was Induced by the successful suppression of the formation of dendrites onto the negative electrode dur- 
ing charge processes. On the other hand, the reason for the insufficient cycle life of the battery of the comparative 
exanple 1 is that the globular precipitate of lithium freed since the solvent escaped from the gel electrolyte onto the lith- 
45 ium negative electrode. The small discharge capacity of the battery of the comparative example 2 results from the 
absence of ionic conductivity of the polymer film which was formed on the lithium sheet and the resultant overvoltage 
of the battery reaction. The reason for the insufficient cycle life of the battery of the comparative example 3 is that the 
polymer film did not serve as a sieve for the solvent molecules. In other words, in preparing the polymer film, a large 
number of solvated ions ran into the polymer film from the gel electrolyte, and as a result huge tunnels or cavities con- 
so taining a large number of these solvated ions were formed. 

Embodiment 2 

Another flat-type battery was manufactured in the same manner as in the first embocfiment except for the following 
55 points. Polymeric monomers were synthesized, which can adjust the size of tunnels or cavities to the number of ethyl- 
ene oxide units contained in the ethylene oxide-bound trimethylol propane triacrylate represented by the above-men- 
tioned formula (5). The details of the polymeric monomers considered are shown in Table 1 below. 
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Table 1 



Number of ethyleriG 
oxide unit "n" 


molecular weight/poly- 
mer group number 


cyde life 


2 


186.7 


210 


4 


274.7 


238 


6 


362.7 


247 


8 


450.7 


226 


10 


538.7 


112 


Comparative example 




103 



In the table, polymer group number refers to the number (= 3) of acrylic groups of monomer terminals. 

In the same manner as in the first embodiment a charge/discharge cycle was repeated under the conditions of a 
20 current density of 0.25 mA/cm^, a lower limit discharge voltage of 2.0 V, and an upper limit charge voltage of 3.5 V. The 
cycle life was regarded as ended when the discharge capacity dropped to half of the initial value. Table 1 indicates that 
the cycle life becomes the longest when the number of ethylene oxide units is 6, and the cyde life rapidly falls when the 
number becomes 10. This is because the polymer film formed on the lithium negative electrode does not serve as a 
molecular sieve. 

25 

Embodiment 3 

Another flat-type battery was manufactured in the same manner as in the first en^bodiment except that the poly- 
meric monomer of propylene oxide-ethylene oxide-bound trimethylol propane triacrylate represented by the formula (6) 
30 was used as a material for the polymer film formed on the lithium sheet. 

CH3CH2C[CH20-(EO)-(PO)-(EO)-(PO)-(EO)2-COCH=CH2]3 (6) 

Where EO refers to CH2CH2O, and PCJ refers to CH2CH(CH3)0. 
35 In the same manner as in the first embodiment a charge/discharge cyde was repeated under the conditions of a 
current density of 0.25 mA/cm^, a lower limit discharge voltage of 2.0 V, and an upper limit charge voltage of 3.5 V. The 
cycle life was regarded as ended when the discharge capacity dropped to half of the initial value. 

FIG. 3 is a graph showing the discharge capacity which was plotted for each cycle of the batteries of the first and 
third embodiments. This graph indicates tfiat the battery of the third embodiment is superior to that of the first embodi- 
40 ment in the cycle life. It is believed that the presence of methyl groups in propylene oxide units Interferes with the move- 
ment of solvent molucules onto the lithium electrode. 

Embodiment 4 

45 Another flat-type battery was manufactured in the same manner as in the first embodiment except tf^t an ethylene 
oxide-added multifunctional acrylate monomers represented by the above-merrtioned formula (5) in which n=8, and 
also by the following formulas (7), (8) and (9) was synthesized as a material for the polymer film formed on the lithium 
sheet. 
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CH2-( CH2CH2O ) qCOCH=CH2 

CH — ( CH2CH2O ) qC0CH=CH2 ( 7 ) 

5 I 

CH2-( CH2CH2O )gC0CH=CH2 

CH2 =CHCO ( CH2CH2O ) 8OCH2 CH2O ( CH2CH2O ) 8COCH=CH2 

10 I I 

CH2=CHC0( CH2CH2O ) 8OCH2-C-CH2OCH2-C--CH2O ( CH2CH2O ) 8COCH=CH2 ( 8 ) 

CH2 =CHCO ( CH2CH2O ) 8OCH2 CH2O ( CH2CH2O ) 8COCH-CH2 

CH2=CHC0(CH2CH20)80 
CH2=CHC0( CH2CH2O ) 80CH2-( CH )4-CH20( CH2CH2O ) 8C0CH«CH2 { 9 ) 

20 

In the same manner as in the first embodiment, a charge/discharge cycle was repeated under the conditions of a 
current density of 0.25 mA/cnrf, a lower limit discharge voltage of 2.0 V and an upper limit charge voltage of 3.5 V. The 
cycle life was regarded as ended when the discharge capacity dropped to half of the initial value. The results are shown 
25 in Table 2 below. 



Table 2 


polymeric nronomer 


cyde life 


formula (5) 


226 


formula (7) 


235 


formula (8) 


266 


formula (9) 


284 



Table 2 indicates that the charge/discharge cycle lives were all excellent when the polymeric monomers repre- 
40 sented by the formulas (5)-(9) were used. It is particularly noted that the cycle nunnber increases as the number of pol- 
ymeric terminal functional groups increases. The reason for this Is that as the number of the polymeric terminal 
functional groups increases the effect as a sieve for the solvent molecules increases. 

As explained above, the present invention provides a highly reliable, long-lived non-aqueous electrolyte secondary 
battery by suppressing the formation of dendrites during repeated charge/discharge cycles. 
45 Although the present invention has been described in terms of the presently preferred embodiments, it is to be 
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt 
become apparent to those skilled in the art to which the present inverttion pertains, after having read the above disclo- 
sure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as 
fall within the true spirit and scope of the invention. 

50 

.. Claims 



1 . A non-aqueous electrolyte secondary battery comprising: 

55 a positive electrode, 

an alkali ton-conductive electrolyte, and 

a negative electrode containing an alkali metal as an active material, said negative electrode being provided 
witti a polymer film thereon, said polymer film being made of a polymeric monomer having [molecular 
weight/terminal polymer functional group nun:iber] of 500 or less, and having a structure selected from the 
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group consisting of formulas (1)-(4): 



10 



15 



20 



|— CHjOC EOjjjPOj^ )COCH=CH2 
CH3CH2C-CH2O ( EO^POj^ ) C0CH=CH2 ( 1 ) 

LcH20( EOjj^POj^ )C0CH=CH2 

CH2-( EOn^POj^ ) C0CH=CH2 

CH-(E0^P0j^)C0CH=CH2 (2) 
CH2- ( EOnjPOj^ )C0CH=CH2 

CH2=«CHCO(EOjj^POn)OCH2 CH20( EOj^PO^^ )C0CH=CH2 

CH2=CHC0(E0j^P0n)0CH2-C"CH20CH2-C-CH20( E0n,P0j^)C0CH=CH2 (3 ) 

CH2=CHCO(EOniPOj^)OCH2 CH2O ( EOj^jPOj^ )C0CH=CH2 

CH2=CHC0(E0^P0^)0 
CH2=CHCO(EOj^POj^)OCH2-(CH)4-CH20( EOj^PO^ )C0CH=CH2 ( ^ ) 

30 wherein EO refers to CH2CH2O, PO refers to CH2(CH3)CHO. (EO^POn) indicates one of random 

polymerization and block polymerization, and wherein m and n do not represent 0 at the same time where O^m 
and 0^. 

2. The non-aqueous electrolyte secondary battery of claim 1 , wherein a gel electrolyte is disposed between said pos- 
35 itive electrode and said polymer film. 

3. A method for manufacturing a non-aqueous electrolyte secondary battery comprising a positive electrode, an alkali 
ion-conductive electrolyte, and a negative electrode containing an alkali metal as an active material, said method 
comprising the steps of : 



40 



45 



50 



55 



preparing a solution consisting essentially of a monomer and an alkali metal salt, said monomer having [molec- 
ular weightAerminal polymer functional group number] of 500 or less, and having a structure selected from the 
group consisting of the above-mentioned formulas (1 )-{4): 

|— CH20( EOjuPOj^ )COCH-CH2 
CH3CH2C-CH20(EOjnPOj^)COCH = CH2 ( 1 ) 

I— CH2O ( EOjj^POj^ ) COCH = CH2 

CH2-( EOj^POj^ )COCH=CH2 

CH-( EOj^POj^)COCH = CH2 ( 2 ) 

CH2- ( EOn^POj^ )COCH=CH2 
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CH2=CHCO( EO^^POj^ ) OCH2 ^^2^ < EOjj^PO^.)COCH=CH2 

CH2=CHC0( EOjj^POj^ )OCH2-C-CH20CH2-C-CH20( EOj^PO^ )C0CH = CH2 ( 3 ) 

CH2 = CHCO( EOj^PO^ ) OCH2 CH20( EO^^^POj^ )COCH=CH2 

CH2-CHCO{ E0jj^P0j^)0 
CH2-CHC0( EOjj^POj^ )OCH2-( CH ) 4-CH20( EO^iPOj^ )COCH=CH2 ( 4 ) 



wherein EO refers to CH2CH2O. PO refers to CH2(CH3)CHO, (EOmPOn) indicates one of random 
polymerization and block polymerization, and wherein m and n do not represent 0 at the same time where O^m 
and 0^. 

applying said solution on said negative electrode, 

polymerizing said monomer in said solution to form a film containing dissociated ions of said alkali metal salt, 
and 

disposing a gel electrolyte onto said film. 
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(54) Non-aqueous electrolyte secondary battery 

(57) A non-aqueous electrolyte secondary battery employs a negative electrode which contains an alkali metal as 
an active material, and is provided with a polymer film thereon, the polymer film being provided with a gel electrolyte 
thereon. The polymer film is made of a polymeric monomer which has [molecular weight/terminal polymer functional 
group number] of 500 or less, and a structure represenated by one of the formulas (1)-(4): 
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|— CH2O ( EO„P0„ ) COCH=CH2 
CH3 CH2C-CH2O ( EOg,P0„ ) COCHeCH2 ( 1 ) 

LcH20( EO„P0n ) COCH=CH2 

CH2-( EO„P0^)COCH=CH2 

CH- ( E0„PO„ ) COCH=CH2 ( 2 ) 

CH2-( EO^PO^ )COCH=CH2 

CH2-CHCO(EO„P0n)OCH2 . CHjOt EO„POn )C0CH=CH2 

CH2«CHCO( EO„POn )0CH2-C-CH20CH2-C-CH20( EO^PO^ )C0CH=CH2 ( 3 ) 

CH2-CHCO(EO„P0n)OCH2 CH20( EO„POn)COCH=CH2 

CH2*CHC0( EO„PO„ )0 
CH2-CHCO( EO„PO„ )0CH2-( CH ) 4-CH20( EO^PO^ ) COCH-CH2 ( 4 ) 

wherein EO refers to CHjCHjO, PO refers to CH2(CH3)CHO, (EOmPOn) indicates one of random polymerization 
and block polymerization, and wtierein m and n do not represent 0 at the same time where O^m and Osn. 
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